Introduction
In an age marked by radical innovations in information and communication technologies, new possibilities exist to transfer information and knowledge over distance. Although such possibilities offer new options for economic interaction, our understanding regarding their effects on geographies of production, distribution, and innovation is still limited. From a firm perspective, we still have limited knowledge about which economic activities are more efficiently and profitably carried out locally -involving permanent co-presence -and which other activities can be carried out over distance through, for instance, corporate networks and/or communities of practice. Even though we are far from being able to provide a definite categorisation in this paper, we wish to argue that processes of knowledge generation can and do involve different geographies of organisation and interaction (Amin and Roberts 2008) . Indeed, while a growing body of literature emphasizes the potential of new technologies to change communication patterns and the nature of knowledge generation (e.g. Leamer and Storper 2001; Moriset and Malecki 2009), others view their impact as circular. Leamer and Storper (2001) predict that the Internet will likely support both deagglomeration and, at the same time, agglomeration tendencies of economic activities. We use this as a starting point for our analysis in which we aim to systematically investigate the effects of new communication technologies and different organisational forms on economic interaction and knowledge generation. Our emphasis centres to enable efficient economic interaction -even over very large distances. However, we need to discuss under which conditions and in which industries such interaction can easily be organised, and in which other settings it is less likely.
In the context of this debate, this paper will systematically investigate the role and importance of F2F interaction and provide examples of how and for which activities different geographies come into play in communication and knowledge generation. Rather than emphasizing advantages of proximity per se, we argue that it is important to analyse the preconditions, characteristics, and outcomes incurred through F2F and other interaction in different spatial settings. It is suggested that new communication media combined with specific settings for interaction can mitigate, and even overcome, the need for permanent co-location.
However, this might not always be feasible. In order to more fully develop this argument, we move beyond geographic literature and integrate studies from the field of social psychology. Such studies, which have been widely neglected in economic geography and regional economics (Thrift 2004) , shed new light on how F2F interaction operates, and how CMC and virtual interaction can make up for some of the problems arising during remote collaboration. Although sociologists have also analysed the role of F2F communication and the influence of the Internet on social interaction, experiments conducted by social psychologists are particularly well-suited to an inquiry into the potentialities of non-F2F based virtual interaction, and its spatial consequences. abruptly. Recent studies of e-mail communication emphasize, for instance, that new technologies neither have a major impact on the frequency of F2F contacts, nor on the distance of social relations (Mok, Wellman and Basu 2007; Carrasco, Wellman and Miller 2008; Mok, Wellman and Carrasco 2010) . As such studies investigate interaction
The goal of this paper is to move beyond a simple dichotomy of local versus global spheres and, instead, inform a broader discussion concerning the potentialities for economic interaction in settings not characterised by permanent co-location of the agents involved. In integrating findings from social psychology and economic geography, we provide a new angle toward more differentiated perspectives of connectivities between and the permeability of different spatial scales (Gertler and Levitte 2005; Faulconbridge 2006; Jones 2007; Amin and Robins 2008) , leading to trans-scalar configurations of economic activities. An important contribution of this analysis is thus to explore and link different streams of the literature on the role of F2F interaction in economic context which have remained rather separate thus far.
The following analysis will begin by highlighting important findings from the literature about the role of F2F interaction, its components, and advantages. Section three emphasizes the advantages of permanent co-location and regular F2F contact in clusters creating what we refer to as "local buzz". The limitations of interaction in proximate relations will also be pointed out as they may lead to negative lock-in processes. Section four argues that permanent co-location should be viewed as an exception rather than a rule in complex production chains which can have a global reach. Section five engages in a discussion of the characteristics and effects of CMC and related virtual interaction. Thereafter, section six argues that interaction across locations can sometimes open new potentialities in innovation, not likely available to permanent F2F encounters within groups and corporations. Finally, section seven will draw conclusions and argue that the combination of different forms of permanent and temporary F2F-based and virtual under the influence of pre-existing institutions, their ability to evaluate the potential of new technologies to shift spatial communication patterns is limited. interaction will generate new opportunities for integrating production and innovation processes at the global scale.
Role of proximity and face-to-face (F2F) interaction
While information and communication technologies have provided new and unprecedented opportunities for knowledge transfer over distance, a large body of literature continues to stress the benefits stemming from geographic proximity between economic agents.
Studies in economic geography have made a concerted effort to advance the importance of "being there" (e.g. Gertler 1995 , Morgan 2004 , with respect to stimulating "local buzz" and transferring and implementing new technologies (Bathelt, Malmberg and Maskell 2004) . A broad literature has emphasized the role of cost factors related to transportation and transaction costs (Scott 1988 ), but, in highlighting the role of untraded interdependencies (Storper 1997) , has not provided much insight to what exactly the advantages of F2F interaction are (Jones 2007) .
Social psychologists have similarly examined remote and proximate collaboration, especially since the advent of modern information and communication technologies. In examining the efficiency of CMC on group processes and outcomes, this research has lent special attention to the social and cognitive factors arising during F2F interaction. It emphasizes how integrational and informational aspects of F2F interaction afford the transfer of complex messages and the stimulation of trust under conditions of uncertainty. These studies provide a deeper understanding of the processes underlying "being there".
In their foundational analysis on the social psychology of telecommunications, Short, Williams and Christie (1976) have identified a range of non-verbal cues such as facial expression, direction of gaze, posture, and physical distance, arising during F2F interaction (see, also, Goffman 1969). They distinguish two types of functions played by these non-verbal cues that accrue subconsciously between interacting agents through F2F communication. Short, Williams and Christie (1976) gleaned such observations through conducting a series of controlled experiments where study participants were asked to perform various tasks, such as negotiation, using telephones, as well as F2F media. Although these findings were not drawn from purely economic interaction, we believe they can be used to inform other contexts, such as an analysis of product properties between producers and users (Gertler 2004) or reflexive discussions of research problems in complex technologies (Storper 1997) . The first function of F2F interaction that is emphasized in the social psychology literature concerns the passage of information from one individual to another; while the second is concerned with the integrational aspects of the communication process (Birdwhistell 1970 ).
(i) Informational functions. The first of three informational functions mentioned here is illustration. Short, Williams and Christie (1976) refer to hand gestures that accompany speech used to illustrate an action, object, or direction for emphasis. The redundancy introduced by such gestures improves the clarity of a message. The second informational function refers to emblematic gestures that are used instead of words; for instance, a head shake signifying "no".
While such cues are easily substitutable by words, they are nonetheless active during F2F encounters and serve to augment fluidity in a conversation. In economic contexts, for example, they actively support search processes for solutions. Third, non-verbal cues may be utilised by the listener to key in on the speaker's attitude and intentions, something that is helpful, for instance, in evaluating new trends presented at trade fairs (Bathelt and Schuldt 2008) . Facial expression, gesture, and similar cues can indicate changes in a relationship, such as the shift from a more relaxed to a more formal posture -a potentially important cue in negotiations of prices. Similarly, information is conveyed through F2F communication about the speaker's affective reaction (i.e. pride, uncertainty) to what may be otherwise an emotion-free statement.
(ii) Integrational functions. Of three major integrational functions described by Short, Williams and Christie (1976) , the first refers to mutual attention and responsiveness. During conversations between two actor groups, there exists a continuous stream of evidence that both parties are attending and responding. This is achieved primarily by eye-gaze, head nods, and gestures. However, mutual attention can also arise from brief verbal utterances such as "yes" and "no". The second function is control channel. Here, cues such as head nods and eye movements are used to determine who shall speak and for how long. As agents are not usually aware of making or receiving these signals, they are affected by the removal of visual cues. This could provide a problem, for instance in discussing failure in production processes, if this interaction occurs over distance without F2F contact. Finally, the third function is feedback. In order to plan his or her utterances, a speaker needs to know how others are reacting to what has been said before. Non-verbal signals track agreement or disagreement and other moment-to-moment changes in the conversation. In this respect, a critical property of non-verbal signalling is that it occurs simultaneously with verbal communication, without interrupting it in the process (see, also, Storper and Venables 2004) . If the visual channel is removed, a speaker must wait for a verbal reply from the other party before he or she gets feedback on his or her remarks. For example, people might refrain from certain topics or switch to other topics when lacking feedbacks, as misunderstanding becomes more likely. Additionally, speakers normally adapt the ongoing message to responses of the recipients. The removal of this feedback could impair the efficiency of adapting the message by the listener. Such integrational feedback is key in technological research in corporate or inter-firm networks where preliminary settings are tested, and the next set of fixes is then discussed (Storper 1997) . However, such cues are equally important also in lowtechnology segments when, for instance, exchanging experiences of entering a new market via Brownfield or Greenfield investment (Glückler 2006) . For similar reasons, professional service firms follow their clients in international locations to be able to maintain F2F consultation services (Faulconbridge 2006) . From this, one might expect that tasks in which the behaviour of one individual is highly contingent on the moment-to-moment affective reactions of others, as in problem-solving or brainstorming scenarios, would be particularly sensitive to variation in the communication medium.
While these integrational and informational aspects of F2F encounters enable the transfer of complex messages, collectively they serve to reduce uncertainties between communicators and, in turn, engender trust. The latter point is particularly important in unknown or volatile economic contexts (Leamer and Storper 2001) , such as a firm's entry into a new market characterised by different institutional-cultural settings implying different types of behaviour (Depner 2006) .
Numerous studies in social psychology have also shown that cooperative work environments and successful business transactions require the development of trust (Fukuyama 1995; Nelson and Cooprider 1996; Jøsang 1996; Swagerman, Dogger and Maatman 2000) . Geographical proximity acts as a factor of cohesion by supporting long-lasting co-operative behaviour thanks to the repetition of commitment. As will be discussed in the next section, this is prominent in successful clusters which exist based on permanent co-presence and F2F interaction between agents. In contrast, distant agents have fewer opportunities for the kinds of interaction that maintain and develop emotional trust.
With access to the integrational and informational factors underlying F2F communication, interacting agents are provided with greater assurance about each other and the meanings behind their messages and evaluations (Olsen and Olsen 2003) . In a reflexive manner, greater clarity serves to support closer social relations and strengthens the extent to which the agents trust each other (Granovetter 1985) . Furthermore, F2F interaction creates opportunities for controlling the performance of other agents, for instance in small-workplace contexts (Crang 1994) , and can thus be a mechanism for managers to exercise power over subordinate workers, or for large firms to control small suppliers in the same region (Allen 1997; Taylor 2000) . In contrast, the absence of a visual channel reduces the possibilities for an accurate expression of the socio-emotional context and decreases the information available about the self-images, attitudes, moods, and reactions of others. This allows for deviating and opportunistic behaviour. As a consequence, communicative activities important to the innovation process -such as the articulation of thoughts or ideas, accommodation, negotiation, and persuasion -are highly subject to influences by the medium of communication. The benefits and shortcomings of mediums other than F2F interaction, in part, hinge upon their ability to allow for the actualisation and transfer of non-verbal cues.
As will be discussed in the next sections, different configurations of economic interaction and knowledge creation involve different mixtures of co-location, F2F meetings, and virtual communication. We will demonstrate how these settings allow agents to benefit from F2F interaction and how ongoing interaction supports the creation of particular information and communication ecologies.
Permanent co-presence in clusters and local buzz
Much research in economic geography has been led by the assumption that spatial proximity is key to understanding economic interaction because it "is still a fundamental way to bring people and firms together, to share knowledge and to solve problems" (Storper and Walker 1989: 80) . There is significant empirical evidence which supports this view (see, also, Morgan 2004). In the context of urban or regional agglomerations, or clusters (Porter 1990; Gordon and McCann 2000; Enright 2003; Preissl and Solimene 2003) , recent research has linked the importance of proximate relations to the thick web of information and knowledge connecting local agents and circulating between them (Hendry, Brown and DeFillippi 2000; Pinch, Henry, Jenkins and Tallmann 2003) . The general importance of thick local/regional information and knowledge ecologies has been identified in many studies in different technological, economic, and cultural contexts, albeit little work exists that compares these different settings in a systematic way. This includes studies about the rise of high-technology clusters such as Silicon Valley (Scott 1988; Saxenian 1994) , the constant reconfiguration of small-firm networks in traditional industries such as textile, shoe, or leather production in the Third Italy (Scott 1988; Asheim 2000) , or producer-user interaction in high-end knowledge-based producer services (Scott 1988; Pinch, Henry, Jenkins and Tallmann 2003) . The resulting knowledge flows establish a rich information and communication ecology referred to as "noise" (Grabher 2002) or "buzz" (Storper and Venables 2004) . This local buzz consists of specific information flows, knowledge transfers, and continuous updates, as well as opportunities for learning in organised and spontaneous meetings (Storper and Venables 2004; Bathelt, Malmberg and Maskell 2004) . The importance and quality of a cluster's buzz is related to a number of features. Three such features are listed below which are partly overlapping and make such a setting especially valuable for processes of learning and knowledge creation (Bathelt 2007): First, the co-presence of many specialised firms of a particular value chain and regular F2F contacts between specialists from these firms generate a specific milieu for the exchange of experiences, information, and knowledge within a cluster. In this milieu, F2F encounters and the associated non-verbal cues generate informational and integrational advantages in communication enabling efficient knowledge exchange and circulation. This leads to stronger local embeddedness of firms, supporting fine-grained information flows and interactive learning (Granovetter 1985; Uzzi 1997) . Specific information about technologies, markets, and strategies is exchanged in a variety of ways in planned and unplanned meetings. Third, through a shared history of relationships, firms learn how to interpret local buzz and make good use of it. As a result, communities of practice become more rooted over time (Wenger 1998 ). This helps to transfer information and knowledge in a precise manner, interpret new information in the context of a cluster's technological competence and extract those knowledge parts which might be valuable in future applications. All of this is possible because co-presence and ongoing F2F encounters in a cluster enhance the likelihood that people will develop compatible technological outlooks and interpretative schemes. It provides a setting conducive to the development of joint institutions (Amin and Thrift 1995) .
Interaction occurs through ongoing transaction relations between regional firms, even if their extent is limited, but also through cross-corporate involvement in community activities, industry associations, clubs, and the like. The advantages of permanent co-presence and frequent F2F interaction are further supported by the fact that the firms draw from a joint regional labour market characterised by job mobility and overlapping competencies (Malmberg and Maskell 1997; Malmberg and Power 2005) . Through these processes, local buzz is circulated and reinforced. Permanent co-location offers the potential for integrational and informational advantages of F2F interaction to become part of the institutional structures available to local agents. In many ways, this serves to establish and deepen relational proximity and trust (Amin and Cohendet 2004; Bathelt 2006) . It helps establish reliable conditions for economic interaction and configure durable inter-firm relationships.
We have to be careful though in over-generalising these findings (Bathelt, Malmberg and Maskell 2004 ). In one way or another, they might be observable in many different cluster configurations but the exact mechanisms on which different community types are based can be quite heterogeneous (Amin and Roberts 2008) . Consequently, the role of local buzz in different sectors may be rather different, as some industries (e.g. fashion products) might, for instance, require more buzz than others (e.g. steel production). Especially in industries that are formed around epistemic communities (such as nanotechnology and biotechnology), local buzz may play a limited role or be replaced through relational ties that span across distance (e.g. Moodysson 2008) -although Gertler and Levitte (2005) found evidence of buzz linkages. Similar tendencies might prevail in knowledge-intensive and professional services (Faulconbridge 2006 ). Furthermore, industry or service agglomerations such as software, in which firms are linked to different value chains, likely experience little local buzz due to their heterogeneous orientation (Trippl, Tödtling and Lengauer 2009) , supporting the findings of Amin and Roberts (2008) .
From research on path-dependent developments we also know that problems can develop if local communication patterns become too rigid and inward-looking, preventing trans-local knowledge flows and necessary adaptations to market and technology changes. Negative technological lock-in, or institutional hysteresis, can occur, particularly related to rigid institutional conditions and/or externalities (Arthur 1988; Setterfield 1993) . From a spatial perspective, negative lock-in can result in a situation where localised industrial systems collectively run into problems due to rigid technological and organisational structures (Hassink structural crises of the coal-steel complex in the German Ruhr area (Grabher 1993) or the watch industry in the Swiss-French Jura Arc (Maillat, Léchot, Lecoq and Pfister 1997) . Too much local interaction may lead agents to rely too heavily on existing technologies and well-established problem solutions (Granovetter 1973) . Through this, they can lose their openness to new solutions; clusters might, in turn, become insular systems vulnerable to external shifts.
This scenario indicates that, although local F2F interaction patterns can provide important advantages to innovative firms, within permanent cluster settings their benefits are sometimes subject to limitations. In other words, the focus on local F2F encounters does not necessarily provide a sufficient basis for ongoing innovation and competitive success. As will be argued below, important inputs can be acquired through systematic interaction and knowledge acquisition outside the cluster setting.
Organisational co-presence in global networks
In a cluster, spatial proximity and shared institutional, social, and cultural characteristics create conditions for firms to engage in economic transactions and develop long-term produceruser relations, especially if they share a common knowledge basis and similar goals within a particular value chain (Ford 1980; Rallet and Torre 1999) . As argued above, it is necessary to move beyond internal cluster interaction to generate long-term growth and competitiveness.
Trying to establish and maintain interregional and international linkages is, however, not a routine process with guaranteed success, especially if firms are inexperienced in this respect and if substantial uncertainties arise regarding the coordination of production and knowledge acquisition. This applies in similar ways to most economic contexts, even in low-technology industries (Gereffi, Humphrey and Sturgeon 2005) and in professional services such as consulting and law firms (Glückler 2006; Jones 2007) . One way to overcome this uncertainty is to establish "organisational proximity" by merging with or acquiring complementary firms in other parts of the world to create reliable conditions for future economic interaction and wider market access (Torre and Rallet 2005; Boschma 2005; Rallet and Torre 2009 ). International mergers and acquisitions require a certain degree of cognitive proximity between the firms involved to enable the respective agents to communicate more easily and integrate their different cultures into a new overarching structure (Nooteboom 2000) . This is especially important in complex technologies with a risk of unintended technological spillovers. At the same time, the firms' capabilities must be sufficiently different from one another to allow them to benefit from interactive learning processes. While international mergers and acquisitions can be viewed as processes bridging multiple distances and establishing a framework for closer inter-firm linkages at an international scale, the same processes can involve substitution and create stress on existing network relations at the regional level.
However, this argument of different types of proximities which can be substituted for one another may detract from the limitations to interaction that firms face due to their particular spatial settings. In the context of global production chains or peripheral locations, for instance, firms do not easily find adequate partners for near-by transactions. They have no choice but to establish linkages over space providing access to distant products, markets, and technologies developed elsewhere. F2F interaction in local context is often not an option for these firms.
Especially in global production contexts, interaction is not based on permanent F2F contact (Dicken, Kelly, Olds and Yeung 2001; Henderson, Dicken, Hess, Coe and Yeung 2002; Humphrey and Schmitz 2002) . It often relies on a mixture of different types of more or less hierarchical network relations which are derived from existing ties, organisational bonds, or even repeated visits to international trade fairs. Although this applies to a wide range of sectors ranging from clothing to toy and cell phone production, the specific governance forms that develop are quite different depending on the degree of product complexity, the degree of codification, and the capability of the supplier base (Gereffi, Humphrey and Sturgeon 2005) .
A single specific distance to be minimised in order to establish regular F2F interaction usually does not exist in complex spatial production arrangements, in which firms serve global markets and cooperate with partners located in different parts of the world. From the perspective of market access in the automobile supplier sector, it may be imperative for firms to be close to their major markets in order to learn from interaction with customers and customise products (Depner 2006) . Similar processes might lead to so-called "piggy-backing" (Glückler 2006) . From the view of research and development, it might be more important to have engineering facilities close to production to benefit from constant feedback, failure, and learning-by-doing (Dicken, Kelly, Olds and Yeung 2001) . Depending on which aspect dominates, the locational and organisational structure of firms can be quite different. No matter how and where marketing, production, or research and development are established, any setting is likely associated with proximities on one end and distances on the other. A single plant within a cluster that integrates all corporate functions could, under these circumstances, cause problems because of large distances to major international markets. Geographical proximity and "being there" are important issues of corporate organisation (Gertler 1995; but we have to specify exactly which proximities are key, and in which combination: i.e. proximity to markets, production, and/or knowledge pools.
To sum up, spatial proximity and permanent F2F interaction might be possible with some relevant agents in the value chain but not with all. This is clearly not an exception but the rule.
Many firms have learned how to organise economic interaction and knowledge creation without permanent co-presence and have developed spatial configurations which work well without requiring co-location and F2F interaction on a daily basis. These settings rely on "organised proximity" (Rallet and Torre 2009 ) between the respective economic agents and have become expressions of new geographies of circulation through which knowledge can be created and exchanged at a distance (Thrift 2000; Amin and Cohendet 2004 ). An example for such temporary interaction in organised F2F encounters encompasses multinational firms within which managers go back and forth between different sites in different countries (Wickham and Vecchi 2008) .
Through this, they generate a context similar to co-presence between distant places. Another example is given by temporary learning processes and knowledge exchange during international trade fairs (Borghini, Golfetto and Rinallo 2006; Maskell, Bathelt and Malmberg 2006) .
In attempting to better understand organisational processes developed by firms that are successfully collaborating and innovating in the absence of permanent co-location, it is important to take a closer look at the effect computer-mediated technologies have on communication. This will be done in the following sections.
Computer-mediated communication (CMC) and social psychology theorising
While the preceding section suggests that permanent or regular F2F contacts are of central importance to processes of economic interaction and knowledge creation in many industries, such encounters are limited in global production contexts. Instead, firms are increasingly relying on virtual communication through new information and communication technologies to organise production, research, and market interaction. As has been demonstrated in experimental observations in social psychology research, F2F interaction can, in part, be supplemented by other forms of computer-mediated interaction. Social presence theorists have, however, long stressed the structural differences that exist between CMC and F2F interaction; especially those related to the absence of non-verbal, vocal, and physical cues (Walther, Loh and Granka 2005). 3 Five fundamental differences between these two modes of communication are discussed below. Understanding these differences is critical to assessing where and how CMC can support, or even replace, F2F interaction based on permanent co-presence.
The first difference concerns media richness. Scholars in the field have noted that the richness of a communication medium determines its ability to reduce uncertainty and resolve ambiguities or equivocality (Song, Berends, van der Bij and Weggeman 2007) . Based on the availability of feedback and multiple cues, as well as language variety and personal focus, communication media can be ordered along a spectrum from rich (e.g. F2F) to lean (e.g. a written document). CMC technologies are generally regarded as less rich, implying that their capacity to support information exchange under ambiguity is weak (Sproull and Kiesler 1991) Second, the richness of a communication medium influences an interactant's capacity to build relationships resulting from less sociable, relational, understandable, and effective communication. In terms of social presence, the fewer the channels or cues available within a medium, the less attention an individual pays to the presence of other social participants, and the less likely the establishment of networks through this form of communication. This has been demonstrated in studies based on controlled experiments where participants were asked to communicate using synchronous computer chat dyads (Walther, Loh and Granka 2005) . Most CMC is low in social presence compared to F2F interaction, which has implications for trust building.
The third difference between F2F interaction and CMC with respect to knowledge dissemination concerns the ability to transfer tacit knowledge. Tacit knowledge -which is implicit and personal to an agent and is context-specific -is not easily transferable to other agents (Malmberg and Maskell 1997) . The dissemination of tacit and situated knowledge is enabled by intensive interaction, and the joint observation and operation of material artefacts. Thus, in addition to supporting an array of verbal and non-verbal cues, co-location allows partners to have access to the same observational cues and to engage in the same practices, thereby enhancing the dissemination of tacit knowledge. Song, Berends, van der Bij and Weggeman (2007) demonstrate this using empirical data collected from 277 high-technology firms in the U.S. and 125 hightechnology firms in the Netherlands. While video-conferencing can assist in the verbal transfer of tacit knowledge as practiced in processes of global strategy adjustments in multinational corporate networks, the learning-by-doing component of tacit knowledge dissemination limits its applicability in the context of economic production and innovation. Fifth, some CMC technologies, however, have the ability to overcome spatial and social limits of interaction. For example, asynchronous communication can cross time zones, and mass e-mails offer employees the opportunity to communicate with a larger number of staff than would be possible through F2F interaction alone. These are generic findings important for any economic activity that requires repeated interaction and direct contact. A further advantage of CMC is its memory function, which makes possible both the retention and retrieval of knowledge after the fact, enabling, for instance, a timely scheduling of production runs and just-in-time deliveries.
In contrast to the previous points which have largely emphasized the disadvantages of CMC, such technologies offer alternate opportunities not readily available in F2F encounters. In reversing the findings of social presence theorists, we might find that CMC is well suited for the transfer of explicit and unambiguous knowledge. However, competing theories suggest there may be even more informational advantages to be accrued from CMC; especially with regard to the formation of social relations. In particular, a substantial body of research has contested the presumed differentiation of verbal and non-verbal cue functionalities, at least with respect to their outcome (Garton and Wellman 1993) . Two conceptions have particularly challenged conventional beliefs: (i) Social information processing theory. This view contends that individuals deploy whatever communication cues they have at their disposal when motivated to form impressions and develop relationships. When non-verbal cues are unavailable, as is the case with text-based CMC, users adapt their language, style, and other cues to such purposes. Furthermore, this position rejects the notion that CMC is inherently impersonal and that relational information is inaccessible to CMC users. Rather, this perspective suggests that users employ the verbal features of CMC to convey relational information that would normally be expressed through non-verbal cues in F2F settings (Walther, Loh and Granka 2005) . Hancock and Dunham (2001) conclude from a social-networking study comparing first impressions formed in person and online, that these impressions are relatively incomplete and weak in the case of CMC. However, the authors find that impressions formed in CMC become more comprehensive and developed over time, as participants seek out relevant information about each other. When individuals disclose information about themselves and interrogate one another online, they reduce uncertainty, are better able to form impressions of each other, and compensate for the social cues lost to the medium. Thus, CMC collaborators may also be able to engage in trust-building activities by disclosing contextual and personal information not necessarily discussed in F2F settings where such information is physically apparent.
(ii) Equilibrium theory. 4 This view posits that communicators dynamically adapt levels of gaze, proximity, and other behaviours indicative of intimacy to normative levels based on culture and need for affiliation. In dyadic interaction, agents who seek "equilibrium comfort levels" will adjust their behaviours accordingly. Where one agent is lacking communicative cues, the other will compensate in order for the two parties to successfully communicate. Over time, this might 4 Here, we have to keep in mind that the term "equilibrium" is used differently in social psychology, as compared to economics or economic geography, although some similarities exist. It is not related to aspects of optimal economic exchange. Instead, an equilibrium refers to a situation in which two individuals each receive just enough information and knowledge about the other person's intentions and context so that they are able to adequately communicate at an "equilibrium comfort level", willing to develop trust and engage in transactional type behaviour.
The term "equilibrium level of intimacy" is similar to the preceding definition, and encompasses the basic requisite level of physical closeness for communication to occur, trust to develop, and transactions to arise between individuals.
stimulate reciprocal behaviour through additional cue switches. Extending this conception to CMC, individuals will overcompensate with their verbal behaviour by, for example, asking more questions and disclosing more information, so that an "equilibrium level of intimacy" can be reached. Olson and Olson (2003) have examined group interaction in various remote and colocated settings, involving controlled laboratory experiments, as well as in the context of international project collaboration between scientists and researchers. They suggest that, especially in the initial stage of collaboration when benefits from working with remote colleagues may be particularly significant, collaborating agents show a willingness to endure the costs of frustration and imperfect connections afforded by electronic communication strategies. When incentives are strong enough, new practices will emerge, associated with new local and non-local forms of organising production and innovation.
As many of these findings have been made outside direct economic context, such as social-networking, their results are often generic and relate to the communication of specific messages and knowledge, coordination of tasks between spatially separated individuals, and establishing and maintaining social relations over space. However, this research is of importance to a broad range of economic activities in day-to-day contexts of negotiations, continuous production adjustments, problem-solving and search processes, strategy discussions, and the like -albeit that this takes place in varied forms for different industries and corporate functions.
Furthermore, these views clearly raise questions regarding the implicit superiority of local F2F-based encounters over CMC in distant interaction. Although there are limitations to economic interaction, the systematic use of CMC enables complex interaction, and can stimulate network formation even without frequent F2F contact. If we include opportunities of utilising video-based CMC formats and the combination of these virtual encounters with occasional planned F2F meetings, the range of possibly efficient spatial configurations involving local and non-local F2F and computer-mediated exchanges drastically widens. It becomes feasible to develop different spatial configurations and strategies, depending on existing business opportunities within a particular value chain. As a consequence, there might not be specific spatial-organisational best-practices per se. Local industry clusters are certainly an organisational option, but it is questionable whether they should be viewed as the most efficient one in processes of learning and innovation, compared to other trans-local organisational forms.
The next section will substantiate this in specific economic settings by presenting empirical findings in the context of corporate innovation projects and group collaboration.
Virtual vs. F2F collaboration in groups and corporations: findings from social psychology research
Traditionally, a primary strategy for ensuring a high level of knowledge dissemination in multinational firms has been the co-localisation of R&D staff as in the case of Philips Electronics (Song, Berends, van der Bij and Weggeman 2007) . Innovative activities in the modern knowledge economy, however, involve an increasing social division of labour in many industries that has become much more dispersed (Lundvall and Johnson 1994) , and now also includes professional service industries (Faulconbridge 2006) . The impetus behind this trend might be to bring R&D closer to foreign markets, to tap into new knowledge pools, or to reduce labour costs.
In addition to co-location and F2F interaction, firms increasingly use virtual forms of collaboration in their innovation processes, such as e-mail, Skype, and video-conferencing. This has been shown by Hossain and Wigand (2004) in their broad summary of other empirical research of mostly controlled laboratory experiments. Investigations of team-based collaboration show that, depending on the task at hand and the contextual setting, innovation over distance can be quite successful. Of course, such collaboration can also fail if organised in an unfavourable context or with unaligned expectations.
Contextual differences between F2F interaction and CMC have been shown to affect both the process and outcome of communication. For example, Wainfan and Davis (2004) suggest that the group structure in CMC is often broader and more agile than in F2F teams. Accordingly, there is greater breadth in collaboration themes due to a wider involvement of experts. From their controlled experiments involving group problem solving, Slevin, Boone, Russo and Allen (1998) have shown that agility, resulting from quicker response times and the ability to access additional information, is often easier and faster when participants operate close to their work locations. If production sites are spatially distributed, a dispersed project setting might thus work better than a F2F setting where participants have to leave their workplaces for segments of the project -a result that might be transferable to a situation in which new machinery has to be adjusted to different local plant settings in a trans-national context, or in which new software is developed out of several decentralised engineering service firms in different countries.
Although it might be harder to form social networks in CMC compared to F2F contexts, it is also more difficult to distract or deflect the participants' attention by involving them in side conversations. In reducing non-verbal cues, other factors such as power, status, and common ground -based, for instance, on personal appearance or appeal -become less important in corporate decision-making through CMC. In the localised context of a firm, contextual cues such as seating position, office location, and even clothing have been found to influence communication patterns during employee meetings, as demonstrated in early laboratory experiments conducted by Dubrovsky, Kiesler and Sethman (1991) . Sproull and Kiesler (1992) have examined electronic mail correspondence in small and medium-sized firms from various industries finding that individuals using CMC feel less constrained by conventional norms and rules of behaviour. The lack of "social baggage" attached to electronic messaging, for instance, may help overcome some detrimental hierarchical and social structures impeding decision making within a group setting. Power and status are harder to detect and, therefore, play a less prominent role in interaction. As it may not be possible to adequately share visual aids, of course, this may complicate the innovation process. At the same time, it also opens opportunities for variation and deviation from existing innovation trajectories because communication patterns and decision-making may be less subject to power asymmetries. Of course, there is also a danger that new social baggage is reintroduced with the implementation of sophisticated video-conferencing technologies which try to reproduce F2F settings.
While analyses examining the nature of group processes mediated through F2F interaction and CMC differ with respect to the exact mode of communication, task type, and individual and group characteristics, researchers have found consistent results in laboratory-based settings and non-laboratory, real-world observations (Wainfan and Davis 2004) . It is consistently reported in the literature that synchronous, text-based conferencing groups take longer to complete assigned tasks than F2F groups (McGuire, Kiesler and Siegel 1987; Weisband 1992; Reid, Ball, Morley and Evans 1997) . Consensus frequently follows a leader's push for his or her preferred solution while interaction patterns in CMC settings show more evenly distributed participation. This effect also emerges during video-conference collaboration despite its closeness to F2F interaction, as shown, for instance, in a controlled experiment of group decision-making (Wainfan and Davis 2004) . Depending on the context, this can be an advantage in the beginning of a decision-making process or a disadvantage in finalising a project under time constraints. Furthermore, experimental studies have shown that groups using CMC tend to make riskier or more extreme decisions than in F2F settings .
With less overall participation and more difficulty reaching consensus, studies documented by Wainfan and Davis (2004) have shown that CMC participants make more explicit proposals, defer less to high-status members, and are less inhibited than F2F collaborators. Rice's (1984) experimentation with small work groups in competition settings showed already in the 1980s that when faced with a dilemma, F2F groups would begin by analysing the problem, whereas CMC collaborators start discussion by proposing a solution. In some cases, group members in CMC suggest solutions before even listening to the thoughts of other participants.
This again points to the potential of CMC settings to break with existing problem solutions and generate opportunities for radical innovations, similar to the argument developed by Granovetter (1973) . Again, although many laboratory experiments, on which these findings are based, are not conducted in an explicit economic context, they apply to a broad range of generic activities that can be found in many different industry settings within and between firms, in local and translocal communication, and in routine and non-routine economic interaction.
In the context of innovation projects in multinational firms, Song, Berends, van der Bij and Weggeman (2007) have documented interesting findings regarding the nature of collaboration and its outcomes. In their field research on U.S. and Dutch high-technology firms, Song, Berends, van der Bij and Weggeman (2007) find that knowledge dissemination between agents is greatest when both settings are combined. There appear to be parts of innovation processes where F2F meetings are key to the development of new ideas and concepts, while other parts benefit from work at dispersed workplaces with regular CMC adjustments. Permanent co-location may foster knowledge dissemination within R&D but impede knowledge exchange between R&D and production. At the corporate level, knowledge exchange in strategic business areas also requires that uncertainties and ambiguities are reduced, and that both explicit and tacit knowledge in both weak and strong relationships, planned and unplanned meetings, and both nearby and far away are transferred. Although the exact spatial form and governance mechanisms may differ widely according to economic context, this suggests that optimal innovation conditions require that colocation is complemented by CMC technologies and alternative organisational configurations.
There is a growing literature which emphasises the economic significance of such virtual usercommunities (e.g. von Hippel 2001; Jeppesen and Molin 2003; Grabher, Ibert and Flohr 2008) .
The findings presented resonate well with the SECI model by Nonaka and Takeuchi (1995) in which the process of knowledge generation in large corporations is described as one of transforming and recombining existing knowledge bases in a series of successive stages. In different stages of this transformation and with different tasks, the context for interaction, or "ba", 5 chosen to support innovation switches back and forth from co-located to dispersed settings for knowledge transfers and learning. The project ecologies in the advertising industry are a good example that shows how project collaboration can shift back and forth from co-located to dispersed and virtual work settings without a pre-determined best-practice configuration (Grabher 2001 The Japanese concept of "ba" refers to the organisational contexts in which individuals interact at a specific time and place. These contexts are fluid and, due to reflexive social practices, constantly changing. The existence of "ba" allows information to be interpreted in a meaningful way and eventually results in new knowledge.
Although "ba" is a social concept, its empirical manifestations are associated with distinct spatialities. themselves and their work through information and communication technologies than actually doing work. In projects in which the stress of using CMC over time increases, interaction frequency seems to fall, and the likelihood of communication breakdown, and even project failure, increases. In response to such conditions, firms reorganise operations so that stressful, highly interactive work can be done in one location. Other dilemmas with communication technologies are associated with technical deficiencies. Olson and Olson (2003) note that in many cases, technical difficulties, including the quality of visual display or audio, affect interactivity negatively. In video interaction, for instance, participants have difficulties identifying which remote partner speaks and do not respond without being explicitly addressed by name. Over time however, participants tend to adapt to this situation by identifying themselves before speaking, and using more formal protocols for turn-taking. Generally, we can expect that such difficulties disappear over time with the development of new video technologies.
Conclusion
As demonstrated above, advancements in information and communication technologies have substantially changed the means through which firms conduct business. Studies in social psychology have shown that CMC and F2F interaction remain highly contingent upon the task being carried out. As technology develops, we expect such contingencies to diminish, but not at the rate once expected (Leamer and Storper 2001) . Relevant studies examining F2F interaction and CMC demonstrate that the two mediums possess unique properties. Each medium has its relative strengths and weaknesses which play themselves out differently during different tasks. In this paper, we have combined findings from economic geography and social psychology to provide a deeper, more differentiated understanding of these processes. We view this analogous to Thrift (2004) as an opportunity to extend "conventional geographical imagination" by going beyond the narrow boundaries of the discipline. Although findings in social psychology often result from laboratory experiments and social-networking studies without direct economic context, their results relate to generic configurations of communication and interaction that apply to a broad range of economic activities -albeit that the precise mechanisms, of course, depend on the specific context.
In particular, there are at least three ways in which findings from social psychology can enrich the work of economic geographers: First, the research conducted in social psychology has over a long time presented evidence that -and explanations why -economic processes do not necessarily have to be based on or be organised in spatial proximity. Following Oinas (1999) , economic geographers have sometimes assumed or hoped -rather than actually demonstratedthat the local is the decisive spatial scale for economic interaction and knowledge generation; and they have paid relatively little attention to explaining why this might or might not be case. In much of this literature, there appears to be insufficient understanding of the exact mechanisms and processes which make F2F interaction particularly valuable. Second, the arguments presented in this paper suggest that it might not be that useful after all to think in terms of a hierarchy of discrete spatial scales with pre-defined sets of advantages that determine optimal spatial configurations for economic interaction and knowledge creation. Findings in social psychology, instead, suggest that configurations of production and research are contingent upon socioinstitutional, political, and cultural contexts and experiences. This should, in our interpretation, be seen as an opportunity to avoid regional economic lock-in, rather than as a threat to localised economic structures per se. Third, these results indicate that a potential reinvigoration of regional/national production configurations in the future, associated with the necessities of global climate change and the effects of higher fuel and related transportation costs, may go hand in hand with processes of trans-local knowledge generation and learning.
In response to the inefficiencies of CMC and the importance of geographic proximity, corporate actors explore organisational structures combining both CMC with F2F, thus enabling knowledge generation even over great distances. For Torre and Rallet (2005) , a solution lies in the temporary mobility of individuals. The need for F2F interaction in terms of knowledge exchange does not necessitate that individuals permanently co-locate. What it requires is that individuals meet regularly in certain time intervals. In some circumstances, problems can be solved through the mobility of individuals, as in the case of business travelling (Wickham and Vecchi 2008) . In other cases, individuals collaborating in projects typically only need to meet in person during particular phases in the innovation process, especially during times of high complexity and uncertainty. Through regular attendance at international trade fairs, for instance, firms are able to find suitable partners to complement their needs, establish trust with distant partners, and undertake the first steps toward the development of durable inter-firm networks in research, production, and/or marketing (Maskell, Bathelt and Malmberg 2006) . Temporary F2F contact during these events opens up possibilities for knowledge creation, search for solutions and technologies, networking, and market development -at a global basis in virtually all industries . Agents benefit from integrational and informational cues transported through repeated, intensive, often short F2F encounters which lead to a rich communication and information ecology referred to as "global buzz" (Schuldt and Bathelt 2011) .
Such organised proximity, of course, is not a purely geographical concept: it is relational in character and urges greater interaction among the members of a project, organisation, or value chain (Bathelt 2006; Faulconbridge 2007; Amin and Roberts 2008; Rallet and Torre 2009 ). It involves the establishment of a collective culture that generates shared interpretations of new information even if the agents are located in different places. Such commonality in thinking and problem-solving is critical to knowledge generation and innovation.
Our findings of the roles of F2F interaction and CMC support Leamer and Storper (2001: 658) who suggest that " [t] he Internet will probably reinforce the roundaboutness of production and hence of the importance of face-to-face contact, though it will also probably make possible greater linkages between different localised clusters at very long distances." In scenarios where proximity is simply untenable, the value of virtual interaction using modern information and communication technologies dramatically increases. In these cases, actors are quite willing to put up with and overcome the deficiencies of virtual interaction. Different best-practices emerge as individuals cope with the latest technologies.
Trade-offs are inevitable and staying competitive requires pinpointing a firm's own mixture of settings for interacting in production, distribution, and innovation. Understanding what tasks are most sensitive to the communication medium and utilising those better suited is crucial to mapping out this mixture. Under all circumstances, we have to keep in mind that one decisive disadvantage of CMC compared to F2F communication is related to difficulties in establishing initial trust. While this may require that complex innovation projects over distance have to involve agents already sharing trust from former cooperation in a co-localised setting, it does not rule out many other projects based on CMC even in complex contexts.
Just as sound innovation strategies incorporate advantages of both local and trans-local, or even global, integration, so too do firms increasingly rely on CMC and F2F interaction in combination with each other. To argue that virtual interaction will eventually eliminate the benefits accrued from geographic proximity makes little sense when evaluating complex economic realities. It also appears misleading to assume a superiority of local over non-local economic networks. Instead, we recognise that modern information and communication technologies have allowed distant and close-by collaboration to occur simultaneously. Both phenomena incur different costs, and generate different benefits. The firms and networks best able to make use of both options will likely develop a high degree of flexibility and an "integrative" competitive advantage in the globalising knowledge economy of the future.
